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ENVIRONMENTAL CONTROL SYSTEM
INCLUDING DISTRIBUTED CONTROL

ELEMENTS

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims priority to and is a continuation-
in-part of co-pending U.S. patent application Ser. No.
13/345,698 filed on Jan. 7, 2012 and entitled “Intelligent
Energy System”, which claimed priority to and was a
non-provisional of provisional patent application No.
61/431,202 filed on Jan. 10, 2011 and entitled “Intelligent
Energy System”, both of which are incorporated herein by
reference in their entireties.

FIELD

The present disclosure is generally related to environmen-
tal control systems, such as heating, ventilation, and air-
conditioning (HVAC) systems, lighting systems, and other
systems that consume energy, and more particularly, to
environmental control systems that include distributed con-
trol elements.

BACKGROUND

In 2011, the Department of Energy indicated that build-
ings consume more than 40 quadrillion British Thermal
Units (BTUs) per year, accounting for nearly 40 percent of
energy use in the United States, for example. In contrast to
the amount of energy consumed to achieve comfort levels in
buildings, the actual energy needed to maintain human
comfort (heating/cooling) and to satisty other energy needs,
such as entertainment, lighting, computing, cooking, domes-
tic hot water, and the like, may be achieved using only a
fraction of this amount. A large portion of the energy
consumed is wasted through inefficient production and dis-
tribution.

HVAC systems in residential and commercial settings
may utilize energy control elements that may manage envi-
ronmental conditions in a limited environment, such as in
the vicinity of the thermostat. However, such systems pro-
vide limited inputs to the HVAC control system (or may
operate as the HVAC controller), resulting in limited system
control. As a result, a poorly placed thermostat may result in
wasted energy consumption and poor environmental man-
agement.

SUMMARY

In certain embodiments, an apparatus may include at least
one sensor and a transmitter coupled to the at least one
sensor and configured send data to a gateway through a
wireless communication link. The apparatus may further
include a solar cell configured to provide power to the at
least one sensor and the transmitter.

In other certain embodiments, an environmental control
system may include a plurality of control elements. At least
some of the control elements may include a sensor and a
transceiver coupled to the sensor. The transceiver may be
configured to send data to a wireless communications link.
At least some of the control elements may further include a
solar cell configured to provide power to the at least one
sensor and the transmitter. The environmental control sys-
tem may include a gateway configured to receive data from
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the transceiver and to selectively control a heating, ventila-
tion and air-conditioning (HVAC) system according to the
data.

In still other certain embodiments, an apparatus may
include a touch screen and a transmitter coupled to the touch
screen and configured send data from the touch screen to a
gateway through a wireless communication link. The appa-
ratus may further include a solar cell configured to provide
power to the touch screen and the transmitter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an environmental control
system including multiple distributed control elements,
according to certain embodiments.

FIGS. 2A and 2B are diagrams of a distributed control
element according to certain embodiments.

FIG. 3 is a diagram of a distributed control element
according to certain embodiments.

FIG. 4 is a block diagram of a circuit of a distributed
control element circuit according to certain embodiments.

FIGS. 5A-5C are timing diagrams of a startup sequence,
a calibration routine, and a pulse signature detection routine,
according to certain embodiments.

FIG. 6 is a block diagram of an environmental control
system including a gateway configured to communicate with
distributed control elements according to certain embodi-
ments.

FIG. 7 is a block diagram of a gateway for use with an
environmental control system according to certain embodi-
ments.

FIG. 8 is a block diagram of a packet format for data
transmission between sensor nodes and a gateway of an
environmental control system according to certain embodi-
ments.

FIGS. 9A-9D are packet formats for ambient temperature,
radiant temperature, ambient light, and power levels respec-
tively, according to certain embodiments.

FIGS. 10A-10C are packet formats for comfort zone
settings, acknowledgment, and negative acknowledgment
respectively, according to certain embodiments.

FIG. 11 is a diagram depicting parameters affecting
human comfort.

FIG. 12 is a block diagram of an environmental manage-
ment system according to certain embodiments.

FIG. 13 is a block diagram of an environmental manage-
ment system according to certain embodiments.

FIG. 14 is a block diagram of an environmental manage-
ment system 1400 that provides multivariable adaptive
control based on numerous comfort factors and external
factors affecting the system.

FIG. 15 is a diagram of a multi-variable thermal analysis
model of a plant according to certain embodiments.

FIG. 16 depicts a graph of relative humidity versus mean
radiant temperature in a psychometric chart that correlates
such parameters to perceived comfort according to certain
embodiments.

FIG. 17 depicts a set of entropy equations according to
certain embodiments.

FIG. 18 illustrates a representative example of environ-
mental factors that may impact an environmental manage-
ment system according to certain embodiments.

FIG. 19 is a diagram of a neural network-based intelligent
energy engine according to certain embodiments.

FIG. 20 is a block diagram of an environmental manage-
ment system according to certain embodiments.
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FIG. 21 is a block diagram of an adaptive feedback
intelligent energy engine according to certain embodiments.

FIG. 22 is a perspective view of a home, which may use
the energy systems of FIGS. 1-22, according to certain
embodiments.

In the following discussion, the same reference numbers
are used in the various embodiments to indicate the same or
similar elements.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

In the following detailed description of embodiments,
reference is made to the accompanying drawings which
form a part hereof, and which are shown by way of illus-
trations. It is to be understood that features of various
described embodiments may be combined, other embodi-
ments may be utilized, and structural changes may be made
without departing from the scope of the present disclosure.
It is also to be understood that features of the various
embodiments and examples herein can be combined,
exchanged, or removed without departing from the scope of
the present disclosure.

In accordance with various embodiments, the methods
and functions described herein may be implemented as one
or more software programs running on a computer processor
or controller. In accordance with various embodiments, the
methods and functions described herein may be imple-
mented as one or more software programs running on a
computing device, such as a tablet computer, smartphone,
personal computer, server, or any other computing device.
Dedicated hardware implementations including, but not
limited to, application specific integrated circuits, program-
mable logic arrays, and other hardware devices can likewise
be constructed to implement the methods and functions
described herein. Further, the methods described herein may
be implemented as a device, such as a computer readable
storage medium or memory device, including instructions
that when executed cause a processor to perform the meth-
ods.

Embodiments of environmental control systems are
described below, which may include heating, air-condition-
ing and ventilation (HVAC) systems; lighting systems; and
other systems that impact the environment of a space, such
as an area within a building or structure. The systems may
include one or more distributable control elements. The
control elements may include a plurality of sensors, a
touch-sensitive interface and a transceiver configured to
communicate sensor data from the sensors and input data
from the touch-sensitive interface to a control system
through a wireless communication link. In certain embodi-
ments, the control elements may include a battery and a solar
cell, which may supply power to the sensors, the touch-
sensitive interface and the transceiver. In certain embodi-
ments, the control elements may be peel-and-stick devices,
which may have an adhesive backing configured to attach
the control element to a structure, such as a wall. The control
elements may automatically communicate with a control
system. In certain embodiments, the control elements may
communicate with the control system through a gateway.

FIG. 1 is a block diagram of an environmental control
system 100 including multiple distributed control elements
102, according to certain embodiments. The control system
100 may include multiple control elements 102, which may
be distributed throughout a structure, such as a home, an
office, a building, or any combination thereof. The environ-
mental control system 100 may include a gateway 104,
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which may communicate with each of the distributed control
elements 102 through wireless communication links and
which may communicate with an HVAC controller 106 of
the structure. The gateway 104 may also communicate with
an HVAC management system (intelligent energy engine)
112 through a network 110, such as the Internet. The HVAC
controller 106 may receive signals from the HVAC man-
agement system 112 via the gateway 104 and may commu-
nicate control signals to an HVAC system 108 in response to
the signals from the HVAC management system 112.

In certain embodiments, the gateway 104 may be installed
in a structure and may be communicatively coupled to the
HVAC controller 106. In certain embodiments, the gateway
104 provides wireless connectivity between the distributed
control elements 102, the HVAC controller 106, and the
HVAC management system 112.

The HVAC controller 106 may include one or more
control circuits that control blowers, heaters, air condition-
ers, humidifiers, and other environmental systems within the
structure. In certain embodiments, the gateway 104 may
receive user input signals from the control elements and may
selectively provide control signals corresponding to the user
input signals to the HVAC controller 106 to control the
HVAC system 108. In certain embodiment, the gateway 104
may communicate the user input signals to the HVAC
management system 112 (instead of or in addition to com-
municating the user input signals to the HVAC controller
106. In certain embodiments, the HVAC management sys-
tem 112 may process the user input signals against historical
data and provide control signals to the gateway 104, which
may communicate the control signals to the HVAC control-
ler 106 to adjust one or more environmental parameters
(such as temperature, humidity, other parameters, or any
combination thereof) of the HVAC system 108. In certain
embodiments, the HVAC controller 106 may be configured
to control lighting, ceiling fans, and other electronic devices
and systems and may be configured to impact a user’s
comfort level.

In certain embodiments, the gateway 104 may be installed
in a structure and may be communicatively coupled to the
HVAC controller 106 and to the network 110. The multiple
control elements 102 may be deployed throughout the
structure. In certain embodiments, the multiple control ele-
ments 102 may operate without a wired connection, deriving
power from solar energy and communicating sensor signals
and user inputs to the gateway 104 through wireless com-
munication links.

In certain embodiments, the HVAC management system
112 may be implemented as a cloud-based system for
efficient data collection and maintenance. The HVAC man-
agement system 112 may provide a heuristics-based artificial
intelligence (Al) dynamic control configured to bridge the
gap between subjective human-comfort parameters and nec-
essary numerical precision needed for optimum heat transfer
controls of building systems.

In certain embodiments, the gateway 104 may accumulate
specific environmental data from the surrounding building
zones (i.e., from the distributed control elements 102),
microclimate information, and transmits data (optionally
including user input) to the gateway 104. The gateway 104
receives sensor data from the distributed control elements
102 and transfers the data to the HVAC management system
112. The HVAC management system 112 may process the
data according to ASHRAFE’s (formerly the American Soci-
ety of Heating, Refrigerating and Air Conditioning Engi-
neers) psychrometric human comfort parameters and
according to one or more other parameters. The HVAC
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management system 112 may provide control signals to the
gateway 104 to adjust the HVAC system 108, to adjust
lighting, to control other parameters, or any combination
thereof.

In some embodiments, the environmental control system
100 may operate in a network mode, a standalone mode, a
manual mode, or another mode. In the network mode, the
gateway 104 may be communicatively coupled to the net-
work 110, such as the Internet. The gateway 104 may send
sensor and user data to the HVAC management system 112,
may receive control signals (in response to the sensor and
user data) from the HVAC management system 112, and
may provide the control signals to the HVAC controller 106.

In a standalone mode, the gateway 104 may not be
coupled to the network 110. In this mode, the gateway 104
may provide state-optimized control signals to the HVAC
controller 106 in response to sensor data, user inputs, or a
combination thereof.

In a manual override mode, the gateway 104 and the
distributed control elements 102 may utilize a fixed propor-
tional-Integral-Differential (PID) ROM-booted (read-only
memory booted) control algorithm, which may be similar to
operation of a traditional thermostat. This manual override
mode may ensure that system control of the HVAC systems
108 can still be maintained under worst case conditions and
in response to user request for manual/rapid control of the
system 100.

In some embodiments, the gateway 104, the HVAC
management system 112 and the distributed control ele-
ments 102 provide elements that can convert an existing
HVAC system into a smart HVAC system, which may
achieve user comfort with enhanced energy efficiency. Addi-
tionally, because each of the distributed control elements
102 may be communicatively coupled to the gateway 104
without the need for wiring for power or communication, the
distributed control elements 102 may be positioned in a
variety of locations throughout the plant (or structure),
preferably in a position to receive sufficient light to power its
solar cell.

FIGS. 2A and 2B are diagrams of a distributed control
element 102 according to certain embodiments. FIG. 2A
depicts a front-view of the distributed control element 102,
while FIG. 2B depicts a back-side view of the distributed
control element 102 with a portion of a peel-away cover 206
partially peeled back.

The distributed control element 102 may include a touch-
sensitive interface 202, which may include a touch-control
feature 204, which may be accessed by a user to provide user
input that may affect the HVAC system 108. In certain
embodiments, a portion of the distributed control element
102 may include the touch-sensitive interface and another
portion of the distributed control element 102 may include
a solar cell, which may provide power to the distributed
control element.

In certain embodiments, the distributed control element
102 may be formed from a flexible or rigid circuit substrate,
which may be mounted to a structure, such as a wall, using
an adhesive backing. The distributed control element 102
may include a peel-and-stick adhesive backing that includes
a peel-away cover 206, which may be removed to expose an
adhesive backing, which may be pressed against the struc-
ture to attach the distributed control element 102 to the
structure. The distributed control element 102 may include
circuitry 208, which is partially depicted in FIG. 2B.

In certain embodiments, the distributed control element
102 may include a solar cell to generate electricity from
available light, a battery to store electrical charge from the
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solar cell, the touch-sensitive interface 202 including the
touch control feature 204. In the illustrated example, the
touch control feature 204 may be a “wheel”-shaped control
element representing a circular gradient between various
comfort states: “Too Bright”, “Too Dark”, “Too Cold”, “Too
Hot”, or “Comfortable” (i.e., just right). The distributed
control element may also include a variety of sensors, such
as temperature sensors, light sensors, humidity sensors, and
SO on.

In certain embodiments, a user may interact with the
touch-sensitive interface to provide input corresponding to
the user’s general comfort level expressed in terms of light
levels and temperature levels. In certain embodiments, the
user input may be sent to the HVAC management system
112 together with data from various sensors associated with
the distributed control element 102. The HVAC management
system 112 may process the received data and may send
control signals to the HVAC controller 106 through the
network 110 and the gateway 104 to make adjustments to
various parameters (such as humidity, temperature, fan
speed, other parameters, or any combination thereof) of the
HVAC system 108.

FIG. 3 is a diagram of a distributed control element 300
according to certain embodiments. The distributed control
element 300 includes a touch screen 302 accessible by a user
to adjust comfort settings of an HVAC system, such as the
HVAC system 108. The distributed control element 300 may
further include a mean radiant temperature sensor 304,
ambient light and red/green/blue (RGB) sensors 306, and a
passive infrared sensor 308. The distributed control element
300 may also include one or more solar cells 310, a battery
312 (such as a lithium ion battery, a lithium phosphorous
oxynitride (LiPon) battery, or another rechargeable type of
battery), one or more air temperature sensors 314, and one
or more humidity sensors 316.

In certain embodiments, the distributed control element
300 may be a wireless, energy harvesting, sensor node with
a human user interface (touch screen 302) that may be
configured to communicate with an HVAC management
system 112, which may be a cloud-based control system
designed to determine and maintain human comfort factors,
instead of just managing the ambient air and the humidity
parameters of the particular environment.

In certain embodiments, the distributed control element
300 may be one of a plurality of such control elements
distributed throughout a particular plant, such as a home or
business. The distributed control element 300 may be part of
an environmental control system, such as the control system
100 (in FIG. 1), and may communicate wirelessly with the
gateway 104 to provide sensor data and user inputs to at least
one of the HVAC controller 106 and the HVAC management
system 112.

In certain embodiments, the distributed control element
300 may provide a linguistic, touch-interface 302 that keeps
humans in the loop, has low initial cost, and low operating
costs. The distributed control element 300 may be wireless,
and may harvest energy from ambient light in order to
provide distributed control and measurement capability with
low maintenance and without having to add wiring. By
measuring light, temperature, humidity, etc., the distributed
control element 300 may measure multiple parameters
affecting human comfort—not just ambient temperature.

In some embodiments, the control element 300 serves as
an input to the energy management system 112 and to the
HVAC controller 106. The control element 300 may be
powered through an energy-harvesting power system that
uses solar cells that charge a rechargeable battery 312. In
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some embodiments, the rechargeable battery 312 may
include a 1 mA-hr LiPon battery as well as a single coin cell
lithium battery for back-up power to the display. The control
element 300 may include a graphical user interface (GUI)
displayed on a touch-interface 302. The sensors may mea-
sure various parameters for system input including averaged
radiant temperature of the environment; ambient air tem-
perature; sensor self-temperature; ambient light and RGB
color; relative humidity; passive infrared occupancy senor;
and occupant touch frequency and multipoint input data.

In some embodiments, the user interface is through the
touch screen 302, which may be capacitive. The control
element 300 may enter an idle, low-power mode and may
wake periodically to measure various parameters, to com-
municate the sensor data to the gateway 104, and then to
return to the idle, low-power mode. In some embodiments,
the control element 300 may enter an operating state when
the touch interface 302 is touched. Depending on where the
user touches on the touch screen 302 or how the user moves
the sliding scale, such as by touching and dragging across
the touch screen 302, the user can indicate his or her comfort
level (i.e., if he or she is too hot, too cold, and whether the
room is too bright, or too dark).

The data obtained with these measurements may be
transmitted wirelessly to the gateway 104. A block diagram
of the control element is shown below. Included in the
diagram are all of the sensors and the power system.

FIG. 4 is a block diagram of a circuit 400 of a distributed
control element circuit according to certain embodiments.
The circuit 400 may be part of the distributed control
element 102 in FIGS. 1, 2A and 2B or of the distributed
control element 300 in FIG. 3. The circuit 400 may include
a controller 402, which may be implemented as a micro-
controller unit (MCU) and which may include a communi-
cation controller and a sensor controller. The circuit 400 may
further include one or more solar cells 404, which may be
coupled to a recharge/power management circuit 406. The
recharge/power management circuit 406 may provide cur-
rent from the one or more solar cells 404 to a battery 408 and
may provide power to the controller 402 and to other
components of the distributed control element circuit 400.

The circuit 400 may include a touch screen 410 and
associated circuitry coupled to the controller 402. The circuit
400 may further include one or more infrared sensors 412,
one or more light sensors 414, one or more air temperature
sensors 416, one or more radiant temperature sensors 418,
one or more humidity sensors 420, one or more motion
sensors 422, one or more acoustic sensors 424, one or more
microphones 426, other sensors 428, or any combination
thereof. Each of the sensors 414, 416, 418, 420, 422, 424,
and 428 and the microphones 426 may be coupled to the
controller 402. The circuit 400 may also include a wireless
transceiver 430 coupled to the controller 402. The circuit
400 may also include a timer 432.

In some embodiments, the motion sensor 422 may detect
movement in an area proximate to the circuit 400, which
movement may be indicative of an occupant. The motion
sensor 422 may detect movement and generate a signal to
the MCU 402, causing the MCU to wake up from a low
power mode, such as a sleep or idle mode.

In certain embodiments, the controller 402 may enter a
sleep or idle mode and may wake up in response to user
interaction with the touch screen 410 or may wake up
periodically (in response to a signal from the timer 432) to
capture measurement data and to transmit the measurement
data to the gateway 104. In some embodiments, the con-
troller 402 may wake up to capture radiant temperature
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parameters every 30 minutes, ambient temperature every
five minutes, self-temperature measurements every 30 min-
utes, humidity every 30 minutes, PIR every 500 mS, and
user input on demand.

In operation, the controller 402 may remain in a lowest
available sleep mode (idle or low power mode) during the
inactive interval. In certain embodiments, only the timer 432
(such as a real-time clock (RTC)) and a PIR circuit, which
may be part of the sensor controller, may remain active
during the idle period. To conserve power, other circuit
elements and peripherals of the circuit 400 may enter a low
power state or be turned off during idle periods. Upon wake
up, the controller 402 may activate the relevant sensor and
capture the measurement.

In certain embodiments, the humidity sensor 420 may be
powered using a general purpose input/output (I/O) of the
controller 402. When the interval for humidity measure-
ments expires, the controller 402 may turn the humidity
sensor “ON” and then commence with the measurement.
Once the measurement is complete, the controller 402 may
turn off the sensor and then return to an idle state. By turning
on and off components as needed, the circuit 400 may
operate using solar energy and stored power, reducing the
overall average power consumption.

In some embodiments, the controller 402 may be imple-
mented using an MCU that has multiple low power modes,
each of which provide a different level of current consump-
tion. There may be some cases where the MCU may be
placed in one low power mode while a particular sensor is
measuring the parameter and may return to another low-
power state thereafter.

In some embodiments, the circuit 400 may enter an initial
state when the system is powered on for the first time. In
order to start the installation process, a touch sequence may
be activated on the touch screen 310 to enter the installation
mode. The touch screen may include a GUI that may show
several parameters, such as an illuminance and luminous
emittance value (Lux value) from the solar cells and light
sensors as well as radiant temperature. In some embodi-
ments, the control element 102 may be placed opposite a
largest wall surface that has the largest thermal mass for the
radiant sensor measurement. After the particular area within
the zone has been determined (i.e. a specific hallway or
room), the elements identified will be the key elements that
will be used to determine the placement of the sensor within
the zone. At this time, the controller 402 and any integrated
peripherals may be configured for their default operation.
For example, the controller 402 may initialize system
clocks; may configure general purpose 1/Os for the correct
default state after power up (display, power controls, energy
harvester, etc.); may configure a serial peripheral interfaces
(SPIs) for the wireless transceiver and for the touch screen
controller; may configure Inter-integrated circuits (I*Cs) for
the humidity sensor, for the ambient light sensor, and for the
radiant temperature sensor; may configure an analog-to-
digital converter (ADC) for the passive infrared (PIR)
sensor; and may measure voltages of the back-up battery and
solar cell.

In some embodiments, the distributed control elements
402 may be placed in selected locations to maximize the
solar energy that strikes the surface of the solar cells. In
addition, placement of the sensor node should maintain
accurate sensor measurements of the ambient conditions
such as light, temperature and humidity as well as the
performance of the radiant temperature measurements and
the PIR occupancy sensor. In order to determine the optimal
placement of the sensor, the controller 402 may run a built-in
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test during the installation process, which built-in test may
attempt to measure and optimize all of the parameters while
maintaining sufficient energy to charge the system. In certain
embodiments, accurate sensor measurements may be the
paramount concern, in which case total solar energy to the
cells may be sacrificed in favor of accurate sensor measure-
ments.

In some embodiments, the distributed control element 102
(including circuit 400) may be positioned to obtain the best
possible values for all parameters while maintaining the
connection to the gateway 104. In some embodiments, the
placement of the control element 102 may achieve a wall
temperature (radiant temperature) measurement that pro-
vides an accurate representation of the thermal properties of
the wall being measured. A signal strength measurement (by
the wireless transceiver 430) may provide an indication of
the proximity of the circuit 400 to the gateway 104. An
ambient light measurement may be used to maximize the
amount of light striking the surface of the solar cell, which
may be a direct correlation to the amount of charge time.
Once the location of the sensor has been determined, then
the RF power of the circuit 400 can be set. After selecting
“OK,” the circuit 400 may start an algorithm that sends a
signal including a received signal strength indicator (RSSI)
to the gateway 104 and the gateway 104 may verify the RSSI
value on its end. A new value of the RF output power of the
circuit 400 can be determined to reduce the overall current
consumption by the circuit 400 in order to reduce the load.
The new value may be sent to the circuit 400 to program the
RF transceiver registers and the algorithm may be tried
again to confirm the settings. Once a suitable combination of
packet error rate (PER) along with minimum signal strength
has been determined, the system may transition to normal
operating mode and will be ready to use.

During operation, the circuit 400 may be responsible for
the overall measurement of the sensors including: radiant
temperature, ambient temperature, humidity, passive infra-
red and ambient light. The sensor will remain in the lowest
power sleep state while not performing any measurements.
After either the default time-out period or the time-out
period defined by the gateway, the node will take the defined
measurement for that period. Each sensor may have its own
defined interval and may not be measured at each wake
event. In some embodiments, the wake interval used for the
humidity and temperature measurements may be configured
dynamically. For example, the circuit 400 may have a
default timing interval for wakeup and measurement it is
deployed, but the HVAC management system 112 may send
a signal to the gateway 104, which may communicate a
timing adjustment to the circuit 400 to adjust the wake
interval of the circuit 400, enabling lower power operation
of the sensors (in some instances) by decreasing the average
current consumed by the circuit 400 by increasing the time
interval between transmissions. The interval will be a vari-
able parameter that can be updated in the firmware through
a command issued from the HVAC management system 112
through the gateway 104 and to the circuit 400.

FIGS. 5A-5C are timing diagrams of a startup sequence,
a calibration routine, and a pulse signature detection routine,
according to certain embodiments. FIG. SA depicts a graph
500 of a first portion of the startup sequence, which may be
configured to last for a period of time, such as thirty seconds.
During that first portion, wakeup functions relating to the
passive infrared (PIR) are performed. Additionally, the con-
troller 402 may test to ensure that a certain glitch width is
seen before setting the occupant detection threshold. The
digital signal processing deglitch time may be related to a
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period of time when an analog-to-digital converter (ADC)
threshold of the controller 402 has been crossed and com-
pared to a predefined time-out period of 32 ms. A signal
width less than 32 ms period may be deglitched as a zero,
while a signal width of greater than 48 ms may be deglitched
as a 1. The routine depicted in graph 510 implements a
single pulse mode that readies the circuit 400 to recognize
different pulse signatures and that will trigger the algorithm
output signal to produce a pulse of a pre-determined dura-
tion in response to toggling of either the positive comparison
or the negative comparison signal.

FIG. 5B depicts a graph 520 of the first portion of the
startup sequence, which may be configured to last for the
period of time. In graph 520, a pulse recognition it is noted
that the time period between the rising edge of the positive
comparison signal pulse and a rising edge of the negative
comparison input pulse is approximately five seconds. In a
dual pulse mode, the circuit 400 looks for two pulses fr